Laboratory sorption experiments included batch tests from which the sorption characteristics of each of the GAC materials were quantified. PNNL researchers tested two GAC materials from Tusaar using batch techniques. The goal of the batch testing was to determine the uranium-loading capacity of these materials.
Experiment

Material Preparation
Carbon Material
Carbon material was used as received from Tusaar. The two materials received were B-64 and ER2-189A. No additional preparation was required.
Source Water
Water from well 299-W19-36 was used for testing. The water was sparged for five days in the original received container to remove any volatile organics. Sparging also lowered the pH of the water to 7. Water was filtered through a 0.45-m filter before use in the batch tests.
Batch Isotherm Tests
The following resin-to-solution ratios were used for the batch isotherm tests:
 Ratio #1 -1.00 g resin/50 ml solution  Ratio #2 -0.75 g resin/50 ml solution  Ratio #3 -0.50 g resin/50 ml solution  Ratio #4 -0.25 g resin/50 ml solution.
All batch adsorption tests were conducted for 18 hours. During that time, the centrifuge tubes were agitated continuously at room temperature (22 °C) so the carbon and groundwater remained well mixed. After approximately 18 hours of contact time, the tubes were allowed to stand for five minutes while the carbon settled. A 10-mL sample was obtained and filtered through a 0.45-μm filter. The first 5-mL aliquot of filtered sample went back into the sample tube. The second 5-mL aliquot was analyzed for uranium. See Appendix A for a description of analysis procedure. The batch-testing procedure was repeated for each carbon sample.
Results
Source Water
ICP-MS analyses were conducted on the source water upon receipt to quantify the concentrations of iodine-127, technetium-99, uranium, and nitrate. Results are given in Table 3 .1. The analytical error associated with ICP-MS is + 15%. 
Batch Tests
The results of the batch isotherm tests for the Tusaar B-64 carbon material are shown in Table 3 .2 and Figure 3 .1. Batch isotherm results for the Tusaar ER2-189A carbon material are shown in Table 3 .3 and Figure 3 .2. For both materials, some of the final uranium concentrations were below the instrument detection limit. These samples are marked with an asterisk in Table 3.2 and Table 3 .3. A linear response of uranium loading as a function of the solution-to-solid ratio was observed for both materials as shown in Figure 3 .1 for B-64 and Figure 3 .2 for ER2-189A. K d values ranged from ~380,000 to >1,900,000 ml/g for the B-64 material and ~200,000 to >1,900,000 ml/g for the ER2-189A material. Uranium loading values ranged from 10.4 to 41.6 g/g for the two Tusaar materials. * The final uranium concentrations for these samples were below detection limits; therefore, the quantification limit of the instrument was used as the "final" concentration of uranium for calculations. The "U initial conc." was measured on a duplicate sample of source water and is within analytical error of the previous measurement. * The final uranium concentrations for these samples were below detection limits, so the estimated quantification limit of the instrument is given. The "U initial conc." was measured on a duplicate sample of source water and is within analytical error of the previous measurement. 
Conclusions
A linear response of uranium loading as a function of the solution-to-solid ratio was observed for both materials. K d values ranged from ~380,000 to >1,900,000 ml/g for the B-64 material and ~200,000 to >1,900,000 ml/g for the ER2-189A material. Uranium loading values ranged from 10.4 to 41.6 g/g for the two Tusaar materials. These results are comparable to previous testing conducted in fiscal year 2011. In these tests, uranium adsorption batch tests were completed on five resin materials (Dowex 1, , Purofine PFA600/4740, and ResinTech SIR-1200).
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The low-nitrate tests from that work had similar test conditions to the current experiments. The K d values for Dowex 1 and Dowex 21K 16-30 (fresh) ranged from approximately 800,000 to 1,500,000 ml/g. Purofine PFA600/4740 and ResinTech SIR-1200 resins had K d values that ranged from ~800,000 to 3,500,000 ml/g. The regenerated Dowex 21K 16-30 resin exhibited attenuated uranium-adsorption performance with Kd values ranging from 15,000 to 34,000 ml/g. Uranium loading values ranged from 8 to 37 g/g for the resins.
